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Flowable Dolyester molding coniposiions vi; .r':\ .< ^^^^ - v c^-:-- / 

Description 

S The jnventfen miates to tharmdpteMie maiding cqmpp^iti^ns comprteing 

i^) item 1 0 to 99. §9% by weight of at fea^t one th^rmoplastfe polyeater 

8) from 0.01 to 50% weight of a hjghlv branctied or hyperbmnphed polj^ester of 
I d A^By type wnem K is at ieast 1 . 1 and y is at least s. 1 

C) from 0 to 60% fey weiglit of other adlditives, 

where the totarcjf the parcantagas by weight of oomponents A) to C) 1$ 1Q0%. 

15 

The ^nventjon further relates to the use of tl^e inventsve moldrng coniposl^ 
produdng fibers, filrn$, or moldiogs of any type, and afso to the mofdmgs thus 
obtaitiable, 

20 To improva flowablifty, fow-molecalar-weight additives are usually added to 

semtc?ystanine tharniDplastlc^. However, the action of theae additives is sybjact to 
severe restdotton, because, for example^ the fa^^-cff in rneohamcai properties bedornes 
unaooeptabla wh^n tha amount added of the addi^^^^^ a certain level. 

2S DendatiC polymers with a perfectly symmetrical structure, referred to as dendrfeerS: 
pan be prepare^^ starting from a cen^^ nridfecule by ccntroSled stepv^i^^^^ two or 

mom alB tme, of dffunctbnal or higher polyfunotlonaS monomars to each monomar 
already bonded, With each linking step there Is exponentiai growih in the number of 
monomer end groups (and hen^^ of linkages), and poiymers are obtained which have 

30 treelike structures, ideally spherical, whose branches each contain exactly the same 
number of monomer units. On the basis of this perfect structure the poslymar properties 
am advaniagaous; Jbr exam a surprismgly iow viscosityia observed, and also a 
high maotlyity, owing to the high nMrr>ber of fuhcfional groups on the pf the 

sphere. The preparation, hovveyer, is compiioated by the fact that at each linking step S 

35 Is necessary to. Intmduce proteotive groups and remove them again, and puhfySng 
operations are naoessary, which is why dendrimafB are norrnaSly prepared only on a 
laboratory scale. 

With mdustnarprooesses it is possible, however, to prepare highiy brane^h^d or 
40 hyperbranched poiymers . These polymers, in addition to perfed: d@ndritip structures, 
also faatufB linear poiym and unequaE poSymer branches, aithough this does 

hot substantraiiy impair the polymer properties as compafad wi^^^ those of the perfect 


2 

dendrimers, Hyperforanched polymers can be preparad by two synthesis routes, known 
as ABa ancl Ax 8^. Here, and By are differerit monomers and the indices x and y 
are th@ numbef of functionai groups present in A and S mspectJvejy, m other words the 
functionality of A ar^d 8. In the ease of the AB^ mute a thfunctionarmonorr^er having 
6 one ma ctive group A and two ma(:^ive gro Mps B is converted Into a highly ^ranchad or 
hyperbranched polymer In the case of the A>; Sy sy?^thesis, depicted using the 
exanipte of the ^ 8^ syntheses, a dfcnctlonaf monomer Aa Is reacted with a 
tnfunctional mononier S3. The initia] product is a 1:1 addyct of A and S Havins on 
average one funptionai grDup A and two f unction a groups B, and this addup can than 
to likewise read to give a Mg branched or hypeit)fanched polymer, 

WO-97/46474 disclosaa thermoplastic ppmpoaitiohs vvhidh cooipnie der^dn^ 
polyesters in tha form of art ABa motecyie. Har^, a poiyhydrie a!coho( as co^b m^Secule 
reaots w^tll dimethylpropionic acid as AB^ molecule to give a dendHmeric pofyester. 
15 This contains only OH functionaiitles at the end of the chain. Disadvantages of these 
mixtures are the high glass trans^tio teniperature of the dandnmerio polyesters, the 
comparatively com plicated preparation process, and especiaHy the poor soiubiisty of the 
dendnmers in the polyester matrix. 

20 Aocording to the teaching of DE-A 101 32 928, tlie jnoorporation of branohJng agents of 
thiB typa by means of oompoynding and soNid-phase post-condensation improves 
mechanical properties (motecufar weight inorease) . Disadvantages of the process 
variant deser^bed are the long preparation time and the disadvantageous properties 
previously mentioned. 

25. 

The present Inventilon was Iherefpre based on the object of providing therrhoplastio 
polyester moldmg composstlons whioh have good ffowabil% tpgether with good 
rnechanroai pmpertfes, 

30 Aecordingly. the molding corn positions defined at the outsat have been found. 
Preferred embadiments are given in the subolaims. 

The in ventfv^ molding as bprnpon#nt (A)v froFn 10 to 99.99% 

by weight, preferabiy from 30 to 99.5% by Wieight, and in partfeufar from 30 to 99V3% by 
35 weight, of at Seast one thermoplaetfe poSyester other ihan B), 

Use is generaliy made of poiyesters A) based on aromatic diparboxyl^ acids and an an 
aliphatic or aromatic dihydroxy compound. 

40 A first group of pref ^rneid ppiyesters Is It^at of poiyalkySene terephthalates, in pa rtidqiar 
thos^ havmg from 2 to 10 oarbpn atqrns in the alcohpf moiety. 
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PDlya^k^iene tarBphthalates of this i^pe are known per se and are descnbed In the 
ilterature. Their main chain contains an aromatic nng which derives from the aromatic 
dIcarboxyliG acid. There may also be substitution In the arom e,g. by halogen, 

BucH as chfonne or bmmlna/pr by ei-^C^-aikyS, sucb as methyL a4hyl, Iso- or n-propyL 
S or n-, mo^ or tert-but^l 

These po^yaikyiene terephthalates may be prepared by re aoting aromatic dlcarboxyilc 
aadSv or thm estem or oth^r sster-lormfng eS#rivatJves, v^^h atlphatlG dihy<jroxy 
compounds in a manner known per se. 

Pref erred di qarboxy ilc acids are 2 , S-na pht ha !en©dicarboxy lie acfd , tarepli thay c acid 
and isppNtbalic aqd, an<| mixtures erf" these. Up to 3Q moi%> gjr^farably not mom than 
10 moi%, of the aromatio dicarbos^^ may be replaced by aiiphatjc or 

pycloal^phatio dicarboxylic aclds^, such as adf pic acid, azelalc acid, ^ebadd add, 
15 dodeoaned^olc acids and cydohexanedioarboxylic acids. 

Preferred ailphatSo dShydroxy oompotsnds are dlols having feom 2 to 8 carbon atoms, in 
particular 1:2-ethanediol, IS-propanadiol 1,4-butanediof, 1,6--hexanedsol, 1,4— 
hexaned^ol 1 ,4-cyclohexanedloL 1,4-cy€lohexanedlmit;han0l and neopentyf giycoi, 
20 and mmty res of these . 

Particularly preferred pojyasiers {A| are poSya^Ryfane tarephthaiatea derived from 
a^kanedlols having from 2 to 6 carbon atorns Among these, particular preference is 
given to po^yethytene terephthaiate, polypropylene terephthaiate and polybutyfene 
26 terephtlialate, and mixtures of these. PTeference is also given to PET andior PBT 

which oompose, as other monomar ynfts, up to 1% by weight preferaibSy tip to 0.75% 
by weight V of 1 ,6-N^xahediol and/dr 2'^mei:hyi-1 , 5-pentanedidi. 

The viscosity number of the polyesters (A) Js generaj^y in the range from 50 to 220, 
30 pmferably frtsm 80 to 1 6G (measured in 0,5% strength by wBight sdlution m a phenol/o- 
dJohldroben2:ena mixture in a weight ratio of 1:1 at 25^G;i in accordance with ISO 1628; 

Particular preferenoB IS gjven to polyesters whose carboxylend group content Is up to 
100 mvai/kg of polyester, preferably up to 50 mvai/kg of poiye^ter ahd in puriipuy^f up tb 
35 40 mval/kg of poSyester. Polyesters of this type may be prepared, for exampb, by the 
process of DE-A 44 01 055: The caftJ05<yl end group cont^^^^^ usually determined by 
titration methods (e. g . potentiornetry). 

Particuladv preferred molding oompositfons cornprise, as cGmponent A), a mixture of 
4Q polyesters othar than P8T, for example polyethylene terephtha|at$ (PET). The 

proportion of the polyethylene terep^^^ for example, in the rhixture is preferably 

up tp 50% by we^M, Jn partlciiSar from 10 to 35% by walghi based on 1Q0% by weight 
of A). 
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It is aiso advantageous to use recycled PET materials (also termed sar^^ PET) if 
appropnate mixed with 0plyalk^^ terephthalates, such as PBT. 

Recjyoted materials are gefieraOy; 

S 

1) those known as post-industnaf mc^c^ed materiaSs: thsse are procfuctiori wastas 
diiring polycondansatte procassing, e.g. spryeslrom injepfion molcijng, 
starl-ui^ matenal fm^^ bijec^ibn molding or extrusibri, or edge trrrns from e>druded 
sheets or films. 

to: 

2) post-consumer recycled malerfals: ttiese are plastic items whs ch are cQflected 
and treated after ut^Hzat^on by the end consumer. Siow-'moided PET bottles for 
mineral water, soft dnnks and juiees are easily the predominant items in terms of 
quantity. 

iS- 

Both types of moyded matenal may be used eSher as gmund rnatarlal or Jn the form of 
pelfets: in the ialter case, the crude recyoted material are separated and purified and 
then mefed and peHal^zed using an extruder. This usually fadOtates handling and fee 
f]DW, and melenng for further steps prpoessing. 

20 

The recypted materials used OTa:y either be palletized dr in the form of regidnd. The 
edge length shbuid not be more thari 10 mm, preferably tess than 8 mm. 

Because polyesters undergo hydrolytfe cleavage during processing (due to traces of 
25 moisture} it Is adwsafote to predry the recyoled material The residoa! moiSture corient 
after drying is preferafeiy <Q>2%, In particular ^0.05%, 

Another group to be Hientioned |s that of fuily aromatic poSyesters deriviog from 
aromatJd dcarbo^ylid acids and aromatic dihydroxy cornpoynds. 

30 

Suitable aromatic dbarboxyiic ac^ds am the car?^pounds previously mentioned for the 
polyalky^ene terephthalates. The mixtures preferably used are mad a from 5 to 
100 mol% of isophlhalic add and from 0 to 95 mof% of terephthaNo add, m parifcufar 
from about 50 to about 80% of terephthalic acid and from 20 to about S0%:Of 
35 Isophth^lio add. 

The arornatio djhydroxy compounds preferably has^e the formuia 

^ r \ 1 

Ho^e Vt^2^ — % OH 

40 

where Z a^kylene or oyoloa Iky lene having up to 8 carbon atoms, aryiene havmg up to 
12 oarbon atoms, carbonyl, suEfdnyi, oxygen or sulfur, or a chemicaS bond, and m is 
fmm 0 to 2. The phenylene groups of the compounds may ateo have substiiutbn by 


s 

C:-Cs-alkyior a^k0xy an<;i fluorine, ohionne or feromJn^. 

Examples of pamnt mm pdund^ fbr tii^sa compounds are 

S dihycl^ox^^b^phenyL 

di(hydrDxyphenynalkane: 

di(|iydrx55cyphenyl) sulfide ^ 
dl(hydroxyphenyl) ather, 
10 dsChydroxyphenyf) ketone, 
dl(Hydroxyptienyn sulfoxide, 
ot.a*-dl(hydroxypheny|)d 

diCtiydroxyphenyi) sulfone^ di{hyd:roxy&enzoyi)b&nzene, 

fesorcinol, and 

15 hydroquinone, and also tha ring-alkylated and ring-ha!oganated denvatl^^^^ of the$^. 

Among these, preference is given to 

4,4'"<l^hydroxybiphanyL 
20 2,4--<^r(4-hydroxyphenyl)-2-^^^ 
a, a' - djC4-hyd roxy phen 

2,2--di (3'-m athy -hydrbxypfteny 0^ and 

25 and ?n parti cuiar to 

2 , 2--di {4'-hydrGxy pheny Op^P^ 
2 ,2-<li(3^ 5-dich!orodi hydroxyphenyl^ 
1,1-<li(4''^hydroxyphanyOcyclohexane^ 
30 3,4''-dfhydroxybenzophanDne, 

4,4'-dfeydrc3xycilplienyi ^uSfone and 
2 ,2r-di| 3 ■ , S '-KiSmet hy 

and mMures of these. 

It of course, also passible to use mixtums of polyalk^y 

arorTiatlc polyesters These generayy comprise from 20 to 98% by weight of the 
poiyalkyiene teraphthalate and ftom 2 to 80% by weight of the fully aromatic polyester 

40 It is, of course, also possible to use polyester bfpck copolyf?ierS: such as oopolyether- 
astarSy Produ^^ts of th^s typa am known per se and are described In the jlterature, e g, 
m UB-A 3 651 014. Cornesponding products are^^^ epmmaro^aSiy, eyg. 

HytreP (OuPont), 

45 According to the invention, polyesters include haiogen-free poiycarb Exampies 
of suitable halqgen-lTee polycarbonates are those bam^ on diphenols of tha formuia 
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HO 



L-DH 


Jim 


where Q is a single bonci, Ci~Cs~-alkylene, Cs-C^-alkyildene, C3— Csr^^yoloalky 
S C§r-Gtr-arytene> or -S- or -S0r-. m is a whole number from 0 to 2. 


The pban^flena radicals of the drphen ateo hav^ subs^tituants, such a C^-^G^-^ 

aSkyS or C-i-'C^-a|koxy. 

10 Examples of preferred rfiphenols of the formula are hydroquinone, rasordnol, 4,4'— 
dihydroxyblphanyt 2,2-*is{4-hi/dfoxy 2,4-bis(4-hydrGxyphenyi)— 2- 

methyibutana artd 1 ,1-bis(4--liydroxyph0ny Particular preference is 

given to 2,2-bis(4-hydroxypheny!)prop 1 J-bis(4--hydmxyphenyO^ 

and also to 1 ,1-bl§(4--bydrqxyphanylH3,S 

IS 

Either homQpolycarbonates or oopqlycarbonates am sait^ble as cdmponefnt A, and 
preference is given to the eopdlycarbonates of bisphenoi A, as v'Mi as to bispheno! A 
homopofynier. 


2Q Suitable polycarbonates may be branched in a known manner, specificaljy by 

ir^corpomting O.OS to 2,0 rnoi%, based on the total of the bipbenols u^ed, of at feast 
trifunctiqnal cornpgunds, for exaniple tHose having three or more phenolic OH groups. 

Polycarbonates which have proven part i^o^ suitable have reiatlve viscosities n,^ of 
25 from t .1 0 tp 1 .50, particular from 1 .25 to 1 .40: This corresponds to an average molar 
mass (weight-average) of frorn 10 GOO to 200 000 gMioi, pfeferabiy from 20 000 to 
SO OOO g/niol. 

The diphenols of the formula are known per se or can be prepared by knowri 
30 prooasses. 

The polycarbonates may, for example, be prepared by reacting the diphenois with 
phosgene ^0 the Interfaciaf process, or with phosgene in the homogeneous-phase 
process {Knovvn as the pyridine pr^ andir^ each case the desired molecuSar 
35 weight may be achieved In a known manner by using an appropriate arnount of known 
chain terminators, (In relation to polydiorpanosilpxan^^contaiining polycarbonates see, 
for exampie. 33 34 782). 
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Examples of suitabie chain terminatGrs are phenoi, p-tert-butylphenaS, or else long- 
chain alkylphenols, such as 4-(1,3-4etramethyibu^^ 005, or 
nionqalkylpoenols, or diaikyipheoofe with a total of from 8 to 20 car^bon ^ioms In the 
alkyrsii|)stituants as in 06 472, sueh as p-nonylphenyi S^S-dM^rt- 
5 butylphenol p-terl^octylphenof , p-dodecylphen:ol, 2-(3,S--<|ifn^thyiheptyi)p and 
4-C3 v5-dim©thy i hepty i) phenoi . 

For the purposes of the present invantion. halogarvfrea polyearbonatss are poly- 
carbonates made from halogen-free bsphenois, from hatoge?i-free chain tarmmators 

1Q and, used, halogen-lree branching agents, where the content of subordmate amounts 
al the ppm level of hydroiyEable chiorine, resultrng, l^r example, froni the preparation of 
the pDlycarl3onates wSh fihosgene io the Jriterfacial prc>c©$s, Is n^^ regarded as merphg 
the term htalogen-cdntairiing for ttie purposes of the In vention, Polycarbonate? of Ms 
type with oontants of hydrolyzabla chionna at the ppm les/el are hafeg^n-free 

15 polycarbonates for the purposes of the present invention. 

Other suftable components whteh may be mentfened^re amoiphoas polyester 
carbonates, where during the preparation process phosgene has been re:placed by 
aromatic d^carboxyiic acid units, such as ^sophthaflc acid ^ndior terephthalic mM units. 
20 Reference may be made at this point to EP-A 71 1 81 0 for further detans. 

EP-A 36S 81 6 describes other siuitable capolycarbohates having cycloaSkyI radicals as 
monomer unlta. 

25 It ia aiao posaibfe for bisphenpf A t6 be repiaced by bisphenpl TMQ. PGiycarbonates of 
ihfe typi^ am oMainabte from Bayer wSh the trademark HT®. 

Theinvent^ve molding compositions c as component B); from 0.01 to S0% by 

weight, preferably from 0.5 to 28% by weight, and in partloular from 0>7 to 10% by 
30 weight, of a hy perbranohed poSyester of AxB^ type, where 

X 1^ at feast 1.1, pr^fera|>iy at least 1.3, in partitular at ieast 2 
y is at teas! 2: 1 , pregerabiy at least ^attmuM at ]BaM 3 . 

35 Use may also toe made of niixtures as units A and/6r S, of oouf^e. 

An AjcBv-type polyestaris a condensate composed of an x-funQtlonal moleoufe A and a 
y~functionai molecule B. By way of exampie, mention may be made of a polyester 
composed of adipjc acid as rriolec^^^ (x ^ 2) and glyoerdi as mdlecyiie B (y - ::^). 

40 

For the purposes of this invention, hyperbranohed pGiyesters are noo-crosslinked 
maoromotecutes having hydr^ carbo^^y groups, these haying both 

structural and molecular non-uniformity. Their structure may firstly be based on a 
central moleoufe in the sarne v^ay as dendrimars, i^ut with non-u nferni chain Je^^ of 
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the branches. Secondly, they may also hava^ a [inear strucfem with funetionas pendant 
groupS: or else tliey combine the two extrem having linear and branchad rnoieGy 
portions. See a^S0 P J. Ffory, J, Am. Cham. Soc, 1952, 74, 2718. a Fmy at ai, 
Cham. Eur J. 2Q0Q, 6, No, 14, 24S9 for tfie deinltlon of deodrimenc^^^a 

''Hyperbranched'^ Jn the context of the present Invention means^ that the degree of 
branching (DB), ia. the average number of dendfitte linkages plus the average number 
of and groups per moieouie, Is from 10 to 99.9%, prefefabty from 20^ t 
10 particularly pmferably from 2d to 96%. 

'*DandHmer" in the context of Sie present inventbn means that the degree of branching 
is from 90.§ to 100%. See H Frey tt 3^ * Acta Poiym; 1997. 30 for the definition of 
"degree of bmocHIng"; 

1 5 The clegreie of branctl ing ip&} of the com pounds In ques tion m def in ed as 
PB X too 

20 

(whem T is th^^verage humoer of terminal monomer units, Z the average number of 
branched rnondmer un its and L the average n umber Of linear monorner units in the 
niacromotecuies of the respective compound^) , 

25 GGmponent 8) preferably has an f^^^. of from 300 to 30 OQO g/rndf, in i^articu^ar from 400 
to 2S 000 g/mo^> arid ver^ particularly frorn 500 to 20 pOO g/moS. deterrojned by means 
of gPq, PIVIMA stand^rd^ dimethyiacetamide eiuent. 

B) preferably has an OH number of from Q to 60G mg KOH/g of poiyester, preferably of 
30 from 1 to 500 mg KQH/g of polyester, jn particular from 20 to 5Q0 mg KOH/g of 

polyester to DIN 53240, and preferably a GOQH number of from 0 to 600 mg KOH/g of 
polyester preferably from 1 to 500 mg KDH/g of polyester, and m pari^oular from 2 to 
500 mg KOH/g of pdlyes^r. 

35 The Tg preferably from -SO^G to 140^C, and in partlou^ar from -50 to lOO^C (by 
means of DSC, to DIN 537®S). 


40 


Preferenoe is panloularly given to those Gom pone nts in which at Seast one OH or 
COOH numberis greater than 0, preferably gr^ and in partiouiar greater 

than 0;i. 
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The inventive component 8) is in particular abtainabte s/ia the processes descnbed 
below, namely by reacting 

(a) OHB or more dfearboxyfic adds or ons or more denvatives of the same with one or 
5 mor^ at ieast tnhydric alcohols 

or 

(b) one or more tnearboxyiic adids^ ot^ acids or one or mor^ 
1 0 derivatives of the same with one or more dipis 

in the presence of a solvent arid opttonaHy ir^ th^ presence bf Inorg^ni^, 
organo^Tsetaliic, or law-moteGular-weJSht organic cataiyst, or of an lenzyme/ The 
reaction in sof^^ent Is Ihe pmmrmi preparation metliod. 

15 

For the purposes of the present invention, h^ghiy functional hyperbranehecl polyesters 
have mofecular and structural non-unlforrr)%. Thair motecuiar non-unrforniity 
distinguishes them frorn dehdrimers> and they can ffierefore be prepared at 
considerably lower cost- 

20 

Among/the .dicarboxyOc.adds whfch can be reacted according to variant -fa) are> by way 
of e^^ampte, exalte add, mafonic aad, succinic acid, gsutaric add, adipic add, plmellc 
add, subenc add, asielaic add, sebadc add, undecana-a,f^>-d§carbox;y1lc acid, 
dodecane-a,<i)''djcarboxyHc add. ds- and trans-cydohexane-12-dlcarboxyiia add, ds- 
25 and trans-cyclohexane-l;3-dicarbQxyiie acid, cis- and trans-cydohexane-1 .4- 

dJcarboxyfis^ add, ds- and trans-GyclO:pentane-1,2-dioarboxyH acid, and djs- and trans- 
cydbp^^ntanB^i ^ 3*dicarbbxy! Ic add> 

and the abovementioned dScarboxyHc acids may have substitutjon b^ one or mere 
30 rad teals ^.elected from 

Ci-Ctc?-alky^ groups, such a:S methyl, ethyi n-propyi, isopropyS, n-buty^, isobutyl, sec- 
butyl, tert-butyl n-pentyl, isopentyl, sec*pentyl, neopentyi, 1,2-<ilme|nylpropyL is^q 
n--hex>*l, ^sohe^yK sec-hexyi n^heptyL jsohe ptyL n-bctyi, 2-ethylhe^^^^^^ h^nonyS, and 
3S decyl 

C3-Ci;>-cydoaikyl groups, such as oydopropyl, cyclobuiyl oydopentyl cydohes^yl, 
cyoloheptyl cyciooctyr: cyGtononyl, cycfodecyi cydoyndecyi and cyorododecy|; 
preference is given to oydopentyl, cyotehexyl, and Gydoheptyf; 

40 

aikyfene groups, such as methyiene or ethylidene^ or 
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C-Ciraryl groups, such as phenyl, 1-naphthyf, 2-naplithyL 2-amhryl: 9- 

anthryL 2-phenanthryl, 3-phenanthryl, 4-ph6nanthryl and g-pfienanthryL 

preferably phenyl, 1-napHthyl, and 2-napht^^^^ preferably p he nyL 

5 Examples which may^ be rn^ntlon^d <?f repmsent^tives of $ubststyt$cJ dicarbpxyilc BckM 
are: 2-m€ithyjmaionSc acid, 2-ethylmalonlc acid, 2-pnenysmaionic acid, 2 "methylsucqiniG 
aeid, 2-ethy!sucdnio add, 2-phanylsoocmte acid, itacoriic add, 3,3-dimathylglutanc 
add, 

1 Q Among the cf!carbp)Q/lic aacts wliich may fee reacted according t<> variant (a ) am also 
etNylenicaliy unsaturated adds, such as maleic a^ld and fu^ a^ld, and aromatic 
dicafbpxylte adds, $uch as pMhafte acid acid or tfemphthaSic add^ 

It is aiso posslbte to ys0 msxtums of two or more of the abovem^ntJoned representative 
15 compounds. 

The dicarbcxyiic adds may either be used as thay stand or be used in tha form of 
denvatjves. 

20: Denyatlves ara prafarabiy 

the rBSevant ahhydrides In monorn^nc or elSe polymene form, 

mono- or dla ^ky ^ este rs , pref erabfy mono- or dimethy i este rs , or the 
25 cDrre^pondmg mono- ar diethyi esters, or eSse fee mono- and diaikyl esters 

dedv0d frorn higher ajcohofe^ such as n-propanpl, Isopropahd!^ n-butanpl, 
Isobutanoi tas4-^utanoS, n-pentanoL h-hexanpl, 

and also mono- and dMhy! esters, and 

30 

mixed esters, preferably methy! ethyS esters. 

In the preferred pfepamtjQn process it Is aS^^^ possible to use a mixtdm odmposecl of a 
dscatd^oicylic acid i^nd one or fiio^ of itis derivative^: Equafly, it Jsi possJbSe to use a 
35 mixture of two or mom different derivatives of Oxne or mqre dlcarboxyiic aoKs. 

It is particularly preferabfe to use sued nic acid, glutanc acid, adipic acid, pnthayc acid, 
isophthaljc add, terephthaljc a mono- or dimethyl ester thereof. Itis very 

particuJady premrabie to use adSpio acid; 

40 

Examples of at ieiaat tnhydnc aicdhbis w may be reacted are: glycerol , butan^-^ 


11 

1 n-hexane-1,3,8-trioi, trimethylolbutane, trimethyto^propane or 
dltnmethytolpropane, trlmeth^^ pantaerytiiriloi or dipentaerythritGl; sugar 

alcohols, such as mesoer^^hrioS, threitol, sorbitol, mannltol or mixtures; of the above at 
l^ast tn^ydric afcohois. \t m prefetrabia id use giyt^rDl, trimethyJofpropane^ 
S trimethv'tolMhane, apd p=entaerythritoL 

E^camofes of tricarboxylic acids poiycarboxyNc acids which may be reacted according 
to vanant (b} are ,2,44ricarboxySiG acid, benzane«1 ,3<S-tricarb^^ 

ben?^ene-1 ,2,4,S-tMracar^^^ acid, and meilitic acid, 

1Q 

Tncarboxyifc acids or polycarboxytic acids may be lisad in the Inventive reaction either 
as th@y et^nd of elsa in the form of derivatives. 

Derivatives are preferayy 

15 

the relevant anhydrides in monomerlc or else poiymenc form: 

mbnd-, or tria^kyS esters, prelferabfy mono-^ dn, or tdmethyS esiam, or the 
correspOindinQ mono-, dH, or iri^thyS esters, or else the mof^o-: di-. anci 
20 tri0St0m derived from higher aicofiols, such as n-pr^panof, Ssopropanpl, 

r^-butano!, isobutanc!^ tert-butandl n^pentan^^ n-hexano!, or else mono-, dh, 
or tnvinyi esters 

and m|}ced methyl athy^ esters. 

25 

For t^e purposes of the present snventloh, it Is also possible tp use a mixture pomppsed 
of a tri- or po^yoarboxyiic acid and one or more of Its denvatiyas. For {he purposes of 
the pr^s^nt rnver^ion it Is likewise po mixture of tvi^o or more different 

derivatlyas of one or more tri- dr pdlycarboxyilc adds, in order to obtain Gohiponent B)> 

30 

Examples of dlols used for variant (b) of the present invention are ethylene glycol 
propane-l ,2-dlo!, propane-i ,S-diol, butane-1,2-di6l, butane- 1v3-dloi butane- 
bUiane-2,3-dioi, pentane-1 ,2-dlol pentane-1 ,3-^^ioi^ p^ntane-1 ,4-dtoi, penl^he-l ,§-dJol: 
pentane-2.3-'dipl, pentane-2,4-dloi, hexane- 1,2-dioi, Hexana-I.S'^dfoi he)<ane-1 ,4-^dipl, 

35 hexane-1 , 5-diol, hexana-1 hexane-2,6"dio!, heptan- 1 1 ;7-heptanedloL 
1 ,8-octanedloi; 1 ,2-D0taned1oi 1 ,9-nonanedlol, 1 J 0-decanediol, 1 ,2-decanedioi, 1 > 12- 
dodecanedioL 1 ,2-dodecanediGl, 1 v5-hexadiene-3,4-dioL cycSopentanediofs, 
cyclohexa nedioi s, \ nositol and derivatives , p)-m:ethy !panla ne-2 ,4-di o^ , 2,4- 
dim^thyf pentane-2 , 4-dioi , 2-at hy Ihexan^-1 , 3-diQi 2 , 5-^dl meth ylhexane-2, 5-dioi , 2 ,2 ,4-: 

40 trimethyip^n^ne-1,3-d|al, pinafeoS, dlathytene giycol triethylene giycor, dipmpyiehe 
glycpi, trlpropyiene giycoi polyethylene glycdis HOCSJHsCH2C3|fi-H or polypropyiene 
gtyt^ois HQ{GH|GHy or mixtures of two or more reprasentativ^ compounds of 
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the above compounds, where nls a^w and n - 4 to 25. One, or else both, 

h^j^drDxy groups here in the abovementioned diols may also be substituted by SH 
groups, Preferenoe Is given to ethylene g!ycol, propane and dtethylene glycol, 
tnethyten^ glyobi, dipropylene glyc^L snd tnprop;^iene gfycal. 

■S 

The molar ratio of the motecules A to moiecuies B m the A^Byr polyester iri tlia variant^ 
(a) and ^^^^^^ to 1:4, in partiouiar from 2:1 to 1:2. 

The at least trihydnc atcohois reacted accordimg to variant (a) of the process may have 
10 hydroxy groups of whjch have jdenticaf raactyty. prelenenGe is also gilven hem to at 
teast tnhydric afcohdis wHos^ OH groups mitiaHy have identicai reactivity, but^^^hera 
reactjdn ^ith at feast one acitf groiip can Jncfude a faH-off m raadtivfty of the iBma^ning 
OH groups as a result of steric or electronio effects. By way of axampte, thfe applies 
when tdmethyidlpropane or pentaerythrltol is ys^d, 

15 

However, the at least trjhydhc alcoh reacted according to vanant (a) may also hav^ 
hydroxy groups having at least two different chemieaf reactNties. 

Th^ different r^actlvjiy of the fanofldna! groups her^ maiy eSher derive frprn dhehitcaf 
20 causes (e.g. primary/secondafi^/tertk OH sroap) or on stBric causes^ 

By way of example, the tnoS may comprise a tnof which h^a primary ahd secondary 
hyd roxy groups. preferre<l exam pie being glycerol 

25 When the inventive reaction rs Carfiad out according to variant (a). It Is i^issible to use 
trioi or mixtyras of irbis whJph contain up to 50 moi% (based on tlie pofydl hilxtur0) of 
dSunctJonai alcohols, aithough iils prBferred to eperatein the absence pf diols an<J 
niDhbfuhctlonal alcohols, 

30; When the inventive reaction earned out according to vanant (h) , ft is possible to use 
the tr^carboxyNo acids or mixtures thereof, which may contain up to 50 mol%, based on 
the acy mixture, of difpnotiona^ acids, although rtis prBferred to operate in 

the absence of mono-- or dicarboKyfjc: acids. 

35 The inventive process Is preferably carried out in the presence of a solvent. Exampies 
of suitable compounds are hydrocarbons, such as paraffins or arornatics Partieulariy 
suitable paraffins are n-heptane and oyclohexane. Particularly suitable aromat^cs are 
toluenev ortho-xylane, meta-xylene, para-xylene, xylene in the form of an teomer 
mixtiire, ethylbenzer^e, ^c ortho- and dieta-dlohtombenzene; Otbm 

40 very parlloulady Buitable s^^^ in the absence of addle catalysts are: ethers, eh as 
dfoxane or tetfBhydrofuran, and ketpftes, such as methyl ethyl ketone and ^ethyi 
bobutyl ketone^ 
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According to the love of soivent added is at1aasl0.1% b^^ wel^ 

based on the waight of the starting materiais used and to be reaGted, pmferabiy at feast 
1% by weight, and partlcuiariy preferably at teast 10% by weight. It Is aisd possible to 
5 use excesses of solvent, b^^ed on the weight of sta rtin mate rials used and to Ise 

reacted, e g. from 1.01 to 10 tiirses the amountv Solvent amdUnts df more than 100 
times the weight of the starting materials used and to be reacted are not advantageous, 
because the reaction rata reduces markedly at markediy Sower concentrations of the 
reaotants, givmg yneconomioaSly long reaetlon times^. 

10 

To carry out the process preferred according to the inveritidn, operMions may be 
samecl out In the presence of a dehydrating agent as additive, add^d at the start of the 
feactibn. Suitable examples are molecufar sieves, particular 4A moieouiar sieve, 
MgS04, and Na^SO^. During the reaGtion it^^i^^ afeo possible to add fufther dehyd 
1§ agent or to replace dehydrating agent by fresh dehydrating agent During the reaction it 
Is also possfele to rer^iove the water or aico hoi formed by cfistiiiation and; for exarnpSe, 
to use a water separator. 

The readtJon may be ogmed ou^ the absence of acidic cataiysts. It is preferable to 
20 operate m the presence of an acidic morganic, organometallia or organic catalyst, or a 
mixture composed of two or more acidic inorganic; organometaillc, or organic cataiysts. 

For the purposes of the prBsent inventian, exampies of acidic Inorganic cataiysts are 
sulf uric acid, phosphonc acid, phosphonjc aosd, hypophosphoroys acid, alumJnym 
25 $UifM^ hydrate, alum, acMic silica gai ipH^ S, in particuiar - 5), ssnd addfc alumsnum 
o^de. Exampies : 6f other com pduiids wtiicb may be iised as acidic 
are aiymlnum compounds of the ganerai formula AICQR)^ and titanates of the general 
formuia TI(QR)4, where each of the rad icafe R may be identical or different and is 
seieoted Snd^pendentiy of the others from 

30 

Ci-C-G-aikyi radloais, such as methyl/ethyi, n-propyl i n-butyi isobutyi, sec- 

butyi, tart-feutyi n-pentyl, isopentys; sec-pentyi, neopentyi, 1v2-dimethyipropyl, ?soamyi, 
h^he^^yS, IsoHaj^yf, sec-hexyl, n-^heptyK isoHeiityi, h-octyl, 2-^ethyfhexyl^ 
decyl, 

35 

0:rCis-oycioa!ky^ radicals, such as cyclopropyL oyciobutyl cyclopentyi, cyciohexyi, 
cycloheptyl , cy cioocty L cycto nony^ , cy e^odecy^ , cy eteundacyl , and oycfododeoyi ; 
preference is given to cyciopentyt GyciohexyS, and cycioheptyl. 

40 Each of the radicalf B in Ai(OE)3 or TKOR)4 preferably yenticaf and seleoted frorri 
isopropyl or 2-ethyiliexyi, 
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Examples of prBferred acidic organometaific catalysts am selected from dmlkyltm 
oxides R^SnO, whem R Is defined as aboye. A partjculany pmf erred representaove 
compound for acidic qrganomelalO^ catalysts is di-n-butyitjn oxide, which is 
cornmerojaHy avallabte as "oxcHtm'*, or dl-n-butylMn difaurale, 

s- 

Pr^rred addi0 organic catalysts am organfc compounds havtog, by way of exampie, 
phosphate groups, su^fon^c add groups, sulfate groups, or phosphonjc acid groups. 
PartlGuiar preference is given to sulfonic acids, such as para-lofuenesuffonic acid. 
Acidio ion exchangers may aSso be used as acid organic catalysts, e.g. poiystyrena 
Id sBsim coitainlng sulfofiic acid groups and cprqssBnked with about 2 mpl% of 
divinylbenzane. 

it is aSso possible to use corr^binations of two or rnore of tfe abos^ementior^^e^^ catalysts. 
It is a^so possible to iise an immobilfeed form of those organic or organometajyo, or 
1 5 el^B inoj^anio oatalyf ts wliich take tbe form of icfpcrsta moiecuSes. 

If the Intention is to use acidic Inorganic, organometaiOc, or organic catalysts, according 
to ihe jnyenlsdn the amount G;1 to 10% by weight, pr^m 0.2 to 

2% by v^lghi of catatyi^i 

2Q 

Tha inventive process Is carried out under inert gas, e.g. und^r carbon dloxSde, 
n?|rogen. or a nobte gas, among which mentfo^^ may particularly be made of argon. 

The in^/entive process is carried out at temperatures of from 80 to 200 ' C. St Is 
25 preferably to operate at tempera^^ of from 1 30 to 1 SO • C, in particular up tb 1 SO'^C, 
or below tn^at temperature. Maxirnij rrt temperatures ^^u 14S''C are partioiilady 
prefefred, and temperatures up to I SS'^C am very particularfy preferred. 

The pressure conditions for the inventive process are not cntica! per se. ft is possible to 
3D operate at marked ly reduced pm^um, e g, at from 10 to 500 m bar. The inventive 
process may also be carried out at pressures above SOO mbar. A reaction at 
atrnospheric pressure Is pfeferred for reasons of simplicity; however, corsduct at sOghlsy 
increased pressure l# aiso pbs^lbfej p'<g. up to 1200 mbar^ It |s also pbsalbfe to operate 
at markediy increased pressure, e.g^ at pressures up to 10 b^in Reaction a! 
35 atm osphene pressure is preferred . 

The reaction time for the inventive prcoess is usually from 10 minutes to 2S hours, 
preferably from 30 minutes to 10 hours, and particularly preferably from one to 8 hours. 


40 


Once the reaotiprj has epded, the highly functional hypeii:?ranehed polyesters can 
easily be Isolated, e g. by remedying the catalyst by filtration and ooncehtratihg tie 
mixture, the concentration proc€^ being carried out at reduced pressure ^ 


IS 

Other work-up methods wrt good sultabliity are predpt^tion after addition of water, 
f oilowad by wash in g and dry ing . 

Cdmponeni: B) can aiso be ipmpared in tha prasence of en^yma^ or decomposltfon 
5 products of an^me^ (accorcSing to DE-A 101 $3103^; For iha purposes of the present 
jnvention, the term acidic organic catalysts does not Indude the dicarboxylte^ a 
reacted aocording to the Invantion, 

Is preferable to use lipases or esterases. Lipases and esterases with good sultabiyty 
10 am Candida cyKndracea, Candida lipofytica, Candida rugosa, Candida antarotica, 
Gandida utWm, ChrDmbbaotarium viscosum, Geolnchum viscosum, Geotrichum 
caridldurri, Mucof^ Jayahlcus, Mucor^^m pig pancreas, psau^ofnotias $pp,, 
psaudomonaB fluorescens, Pseudomonas eapaeia , Rhfeopus arrhizus, Bhizopus 
delemar, Rhizopus m/eus, Rhizopus oryzae, Aspergiilus nfger, Peniailiuni ro<|uefbftit 
15 Penfei^Hum camemberti^, or esterase from Badlkis spp. and Baciyus 

thermog^ucosidasius, Candida antarctica lipase B ?s particularly preferred. The 
enzymes Hsted are commerciayy a¥ailabte, for example from MovozymBs Bfetech Inc, 
Danmark. 

20 The enzyme Is preferably used in immabilized form, for exampia on silica gel or 

Lew^tk®. The processes for imrnobilteSng enzymes are known per sa, e.g. from Kurt 
Fabar, 'BiGtransforrnations in organic chemistry", 3rd edition 1 997, Springer Verlag, 
Chapter 3.2 'ImmobHizatson" pp. 345-356. Immob^ilzed enzymes are commercially 
availabte, for example frorrj Novozymes Biotech inc., DenmarJ^. 

25 

Tha amount of 1nimo|)l!3zed emyme Used is from 0,1 to 20% by weight. ?n paftScuiar 
from 10 to 15% by weight, based on the Iota! waight of the starting matariafs used and 
to be raactad, 

30 The inventive process carried out at temperatures above SCC, It1s preferable to 
operate at temperatures of or below that temperatures Preference given to 

tamperatyres up to 8Q^e, vary p^rtiddlar preference is given to 
to and atJirmpns preference Is g to temperatures of from 65 to ?S^G, 

35 The ^nvent^ve procass is carried out in the presenGa of a solvent Exampies of su^tabie 
eompounds are hydrocarbons, such as paraffins or aromatfes. Particularly suitable 
paraffins are n-heptane and cycSohexane. Particulariy suitabie aromatics are toiuene, 
ortho-xyiane. meta-xy!ene, pam-xyiene, xylene in the form of an isomer mixture, 
atSiyibenEene, chiorobanzene and ortho* and meta>dlohJoroben2:ene: Other very 

40 particuiarly suitabte solvents are: ethers, sudfi as dioxane or tetrahytJrofuran, apd 
ketones, such as rnethyl ethyl ketona and methyl Ispbutyl ket 
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The amouni: of solvent added is at feast 5 parts by weight, based on the weight of the 
starring mat^ate used and to be macted, preferably at ^sast 50 parts by weight, and 
partiGulariy preferably at least 100 parts by weight. Amounts of more th^ 000 parts 
by w0tgM of sdSverit are undeslrabie beeaiise the reaction rate decreases markedly at 
S markediy lower <x>ncert^ipins, giving unpcQiiornfcall y Song mablfon tfoies. 

The inventive process Is earned out at pressures above 500 mbat Preferenoe is given 
to the reaction at atmosphanc pressure or siightiy increBsed prassym, for exampfa at 
up to 1200 mbar It is aiso possible to operate under markedly Inpre^ased pressurB, for 
10 exampla at pressures up to 10 bar The Teac^on at atmospheric pmssure Is preferred. 

The mactbn time for tlieJnveritiva process fe MSually frbrn 4 lioprs to 6 d^p, preferably 
from § hours to 5 days, ar>d partfcuiariy prBferaMy from B hours to 4 days. 

1# Once the reaction has ended, the highly functional hyperbranched polyesters can 
easily be isolated, e.g. by removing the catalyst by filtration arid Goncentratfng the 
mixture, the concentration process here usually being earned out at reduced pressure. 
Other wdrk-up methods with good suftabiiity are precipitatian aSer addition of water, 
foilp^ed ;by wash Irtg and drying. 

2D 

The present invention also provides the hSgh^y functional, hyperbranched polye^ter^ 
obtamable by the inventive process They have partlcufarly low content of disooSdred 
and raslnified matenal. For the definition of hyperbranched polymers, see also: 
P,J. Ffery, J, Am. Ghem. Soc. 1952, 74, 2718, and A. Sunder et ai., Cham. Eur J, 
25 2Q0G, 6, No 1, 1-8: Howaver, ?n the context of the present invention, '^highSy fur^ctional 
hyperbranched'' means that the <iegfee of -br^nchsng, Le/ the average nurriber of 
dendritic linkages pius the avemge number of and groups per mp|ecute is from 1 Q to 
99.9%, pr^gferably from 20 to 99%, partlcuiarly preferablr*om 30 to 80% (see in this 
oohnaotion H, Prey ei al. Apia Potym. 1997, 48, 30), 

30 

The inventive polyesters hava a molar mass of from SGQ to SO 000 g/niol prafaraNy 
Itom 1OOOto 2Q OQ0 g/moS, partiourarry 1000 to 19 0OO g/mol. The 

polydisparBity ]s fforn 1:2 to 50= preferably frorn T4 to 40, pirticuiariy pr^rabiy from 
1 S to 3Q, and very partlouiarly preferably from 1,S to 1p. They are usM^Ky v^ry solublie, 
36 i e. ofear solutions oan be prepared using up to S0% by weight, In some cases even up 
to 8G% by weight, of the inventive poiyesters In tetrahydrofuran (THF). n-hutyl acetate, 
ethanol, and numerous other sofyertts, with no geS particles deteotabla by the naked 
eye. 

40 The inventive big hiy fMnctionai hyperbranched poSyestem ana oarfebxy^ermlniated, 
carbosQ/- and hydrDxy46rm^natad, and preferably hydroxy-termmated. 
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The inventive moiding conipQSit tons may comprlsev as component G), from 0 to 60% by 
weight, particiilar up to S0% by weight, of other ad<Jitives and prpcessSng aids, other 
than BX 

S The invantiye mo!#ng com^ may cdrnpris^, as cornponent C), from 0 to S% by 

weight, preferably tem Q.QS to 3%^ ^fc^ and in particular from 0. 1 to 2% by 

wB^ght, of at least one eelar or amide of saturated or unsaturated afipbatio carbdxyfrc 
acjds having from 10 to 4Q carbon atoms, preferably from 16 to 22 carbon atoms, vmh 
aypliMIc saturated alcoliol^^ or amines having from 2 to 40 carbon atoms, preferabiy 
1 0 f mm 2 to 8 carbon atoms. 

The earb0)^pc aads may be monobasfc or dibasic. Examples phteh may be rrie?itipded 
are peiargonic acJd, palmltlo aad, iaudo acid^ marsanc aoid, dodeoane^diob aoldy 
liehenic add, and panicularly preferably sfeanc add, caprte aci^ aiso mohtanic 
1 5 aeid (a mMure df fatly aoid$ bavi ng from 30 to 4Q oarbonf atpms). 

Tha aljphatjc alcohois may be mono- to tetrahydnc. Examples of alcohols are n- 
butanoi n-octanof, steary! aloohol, ethylene glyooL prdpySane glycol; neopentyl giycol, 
pantaerytbntdl> pr6sfer^nce being giyfen to glycerol and penta0rythntol. 

2Q 

The aljphat^c amines may be mono-, di- or triamrnes. Examples of these are 
stearyiamme, ethylenadiamine, propylened^amine, haxamathylenadiarnine, ds(6- 
amrnohexyl)amine, particular preference being glverrta ethy^eoed^ar^line and 
hexamethytenadiamma. CorrespondiBily, preferred astern or amides are siycerol 
25 djstearate, glyoerortrfetearate^ ethytenediamine dtstearate, glycerol monopalmjtata, 
gjyceryl tnS^yrate, giyc^ryi monobahenate, and peotaarythrityl tetrast^arate 

It f$ also possible to use mixtures of vanous asters or amides, or esters witft amides 
combmad, the mixing ratio ftere being as desired 

30 

E^amptes of amounts of other usual additives G) are up to 40% by weight preferably 
up to 3Q% by weight, of elastomeric polymers (also often termed impaot modifjers, 
efestomers, or rubbefs). 

3S These are very genaraiiy Qopolymers which have preferably been buiit yp from at least 
two of the following monomers; ethyiene, propylene, butadiene, tsobMtene Jsaprene, 
qhSoroprene, vinyl ac^afe, styrene, acrylonStnie and aery iaies and/or mathac^lates 
having ftom 1 to 18 carbon atoms In the alpohql componer^t. 

40 Polymers of this type are described, for exam pie. In Houben-VVeyf, Methodeo der 
pf^anisohen Ch&mfe, Vbi. 14/1 (Georg-Thieme^erlag, Sftittgart, Gerrh^niVv 
page^ 392-406, and in the monpgraph by O B, BuoknalS, -Toughened Rastics" {Applied 
Science Pubiishers, IjDndon, 1977). 

45 Some preferred typ#s of Byoli eiastomers are descnbed beiow. 
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Preferred typas of such elastomers are those kr^own as eihySene-propylene (EPM) ar^d 
ethyiene-propyiena-diene (EPDM) rubbars. 

5 EPP mbbem ganeraliy have praolically no residual doubia bonds, wharea?* ERDM 
rubbers rnaty have frdm 1 to 20 double bonds per 100 carbon atoms. 


Examples whiph may be ni^htion^d of diene mononier? for EPDRfl rubbers are 
odrrliigated <4ienes, such as Isbprene and butadtena, hon-conjugatad dienas having 

10 from 5 to 25 carbon atoms, such as 1 ,4-pentadlene, 1,4-hexadiene, IvS-hexadfene, 

2,5-dlmethyf t,S-hexadiene and 1 ,4-ootadien8, oydfe dienes, such as oydQpentadiene, 
cyclohaxadlsnes, Gydpootadfenes and dicycbpentadfene, and also 
alkenylnorteprnenes, such §-@thylldene-2-norborrt6ne, S-bulylidena-Srnorb^ 2- 
methaliyKS-norbqrr^ene and 2-bopmpenyl-S-norbomene; and trfeyciodienes, such as 3- 

16 rnethyllncyclo|5 .2/1 .0^^^]-^ and mixtures of these Preferenca b given to 

T,S-hexadiene, 5-ethylidenenorbornane and dicyclopentadiene. The diene content of 
the EPDM rubbers is prefarabiy from O S to S0% by weight, In particular from 1 to 8% 
by weight, based on the total weight of the robber 

20 EPM and rubbers may preferably also have been grafied with reactive 

carbDxy^^Q adds or with denyat^ves of these. Exampias of these are acfyiic acid > 
methacryllc adid and denvatives thereof, e g. glydidly! (meth)aei^y!ata, artd aiso mafejc 
anhydrjde. 

25 Copolymers of ethylene with acryl so acid and/or methaarylJo acid ^hd/or^Jth the esters 
of these adds are another group of preferred rubbers. The rubbers may also Incfyde 
dfeari>0xySlc acid^, sucb a^^ maleic add and fumaric add, or derivatSves of ib^se acids, 
e:g. esters and anhydrides, mdior monomers containing eppxy groups, These 
monorr^ers^ containing dJcarboxylSc actd derivatives or containing epoxy groups are 

30 preferably incorporated into the rubber by adding to the monomer mixture monomers 
containing dScarboxylic add groups and/or epoxy groups and having the formuia IS, IH 
orJV 


35 


czzzzc 
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CHl, GH^CHR' 


wh0m to are hydrogen or alkyi having from 1 to © carbon atoms, and ni Is a 
whole number from Q to 20, g a whole number from 0 to 1Q and p is a whole r^umber 
6 from 0 to 5. 

R ' to R^' are preferably hy^ is 0 or 1 snd g is 1, The corresponding 

compounds ^ra maleic acid, fumaric add, maieic anhydrida, aliyi glyc^dyi ether and 
vinyl gSydd^l ether. 

10 

Preferred compounds of the formuSaa !, 0 and fV are malefc acid, maleic anhydride and 
(meth)acry!ates conta^n^ng epoxy groups, such as gSycidyl acrylate and glyddyi 
niathacry^ate, and the esters witli tertiary afcohois, such as tert-hutyl acrylata; ASthough 
the latter have no free carboxy groaps/thasF behavior approximate^^ the free 

is aplds and tliay are tharafbre termed p^onomers with jatenf carboxy groups. 

The copolymers are ad^antageousiy composed of fmm 50 to 98% by weight of 
ethyiene, from 0.1 to 20% by weight of nionomars oontaining epoxy groups arid/or 
methaeryllc acid and/or monorner^ CGntaihing anhydrtde groups, the remaining amount 
20 being (meth)aa7latas> 

Particutar preference is given to copofymers; composed of 

frorn 50 to 88% by weight, in partteular from 55 to 95% by weighty of athylene, 

from 0. 1 to 40% by weight. In pa?1lcular from 0.3 to 20% by weight, of glyGidyi acrylata 
and/or gjyc^dyl mathacrylate, {meth)acrylic aoid and/or mafeic anhydode, and 

from 1 to 45% by weight. In particyiar from 10 to 40% by weight, of n-butyl acrySale 
30 and/or 2-ethyShe><yl acrylata. 


Other preferred (meth)aoryiates are the mathyl, ethyL propyi, isobutyj and tert-butyl 
astafs> 

35 Besides thasa, oomonomers which may be used are viny! asters apd vlnyi ethers. 

The ethylene ODpolymers descnbed above may be prepared by processes known per 
se, preferably by random oopoiymerization at high pressure and etevated temperature. 
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kppwprlaiB processes am well knovm. 

Other preferred elastomBrs are emuJslqfn poSymers whose preparatioo |s described, for 
exam pie/ by Blapiiiey m the mpnogfaph ''Ernulgion The emufeifierB and 

5 catalysts which may be used are known per se. 

In pnndple possifete to use homogeneousfy stru<^ymd e with a 

shell stmc^ijm. The ^hefhtyp^ siruc^tqre Js detentirned the sequence of add-on of 
the jndivldua^ nionomers. The rnorphofog^ of the pojymers afso affected by thjs 
1 0 sequence of addition , 

l^lpnoniers which may menSiohecl M merely as examples, for the preparation of 
the rybber frac^ioh of the eiastomers am^ such as n-buty! acrySMe and 2- 

etnylhexyj acrylatev corresponding methacryiates, butadiene and isoprene, and also 
16 rtiMures of these. These monomers may be copo^ymehzed wHh other monomers, such 
as styrene. acrylonllrye, vinyl ethers and wrth other acrylates or methacryfales, suoh as 
melNyf methaory late, methyl a^rylate, ethyl aorylate or pmpy! acrySate. 

The soft or rubber phase (with a glass transition temperature of below O^'C) of the 
2Q elastomers may be the core, the outer envelope or an intermediata $hey (in the oa^e of 
ei^stomerB whose Structure ha^ more than two ^hellfe). Efastomers having more than 
one sheli may aS^o have more than one shefi made frdm a fubber phase. 

If one or m ore hard components (wSh glass transition temperatures above ZO^C) are 
25 involved, besides the rubber phase, In the structure of the eiastomer, these are 
gener^lJy prepared by pofymarfeing, as principal monomers, styrene, acrySomtriie. 
methacryjonithle, a-rnethyiatyrene, p-methylstyrene, or aorylates or metnacryiates, 
such as methyi acryjate, ethyl acrylate or methyl methacryiale Besides these, it Js also 
ppssible to use relatively sma^l proportions of other comonomere. 

30 

ft has proven advantageous ?rs some cases to use emulsion polymers which have 

reactive groups at their surfaces. Exampfes of groyps of this type are epoxy, carboxy, 
iatem carboxy- amino and am^de groups, and also fynctionaf groups which may be 
introduced by concomitant use of monomers of the formula 

m 


QHg — c X - — N — C — r'^ 

O 

wham: 


40 R"^ is hydrogen or CrC^-alkyl, 
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R^'' Is hydrogsn or C-i-Ca-alkyi or aryi in p^rticojar phenyl, 

a 

R'^ OrCs-alkyi or Cs-Ci2-atyf, if <i©ssrfed with sybstltutrori b>p or N-contiainlng 
X is a chsmicaj ipond or pi-Cio-a]^yi®r?e or Ce-Cia-arytene, or 

10 

o 

i : 
i ! 

Z is Qi-C^o-^alkylene or Cs-Cis-arylepe. 

15 Tlie graft monomers described in EP-A 208 18? ar^ also suitabfe for mvr0duang 
reactive groupa at the a urface< 

Qthar examples whSctl m ay be me ntiidned are aerySarnide; math aery and 
substituted acrySates or metfiacrylates, such as (N4ert-bytylarnlno)ethy^ mathacrylate, 
20 (N,N-dimethylartiino)ethyi acrySate, (N,N-dimethySamino)fnetliyi acrylata anci (N,N- 
d Sethysa mmo)ethyf acrylate. 

The particles of the rubber phase rn% also have beeti crossimked. Examples of 
crossSkiking monomers are 1y3-butadiene, divioyiben dialiyl pfithalate arid 
25 djhydroc!i<s3^dopentadbnyr ac^^^^ Bim the oornpounds described m EP-A SO 2d5, 

It is also possibie to usa tlia monomers known as graft-ynkihg niorio^m^ I0. 
monomers havihg t\i^ bonds which rBact at different 

rates dudng the polymad^atlQii. Praferenee given to the use of compaunds of this 

3G type in which at feast one reactive group poiymenzes at BX>oui the same rata as the 
other monomers, while the other reactrve group (or reactive groups), for example, 
polymenzeCs) signlflaantSy more slowly. The difite^Bnt po^ymerizatfen rates give nse to a 
curiam proportion of unsaturated double bond? in the rubber. If another phasa is then 
grafted onto a rubber of Ihss type, at least some of the double bonds present in the 

35 rubber react with the graft monomers to form chemical bonds, Le, the phase grafted on 
has at least some degree of ohemJoa^ bonding to the graft base. 

Exampfes of graft-linking monomers of this type are nionomers containing ai^yr groups, 
in partjcu la r alSyr esters of ethylenlcaSly unsaturated oarboxylsc acids, for example al^y I 
40 aery iate, ai iyl methacryiate . dially i m aleate. dialfy t f urn arate and diaSlyl itaoon ate, and 
the corfB^ppndin^ monoaily! compounds of these di^arbbxyHp ^cidB\ Besides th^se 
tbe?^ Is a wide variety of other suitabie graft-fin^ mpnprhers. For further detaiSs 
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reference m;gy bB made here, for exarnpfe^ to US-A 4 148 

The proportjon cf these drossl^nk^ monomers in tha impac^-mocj|fying poiyme 
genafBlly up tp 5% by weighi preferably not mom th^n 3% by weighty based on the 
5 Impact-rnodWying polymer. 

Some prBferred emulsion polymers am iisted below- Mentjon may first be made here of 
graft polymers with a core and with at least one outer sheil, and iiaving the fqilowing 
structure: 

1G 


|Ty|>e 

Monqrners tor the com 

. ; 

yohornersi for the enveSope 

f 

buta-1 ,3-dlene, isoprene, n-butyl 
acrylate, athylhaxyl acrySate, or a 
mixture of these 

styrene, acryionltrite, methy! 

melhacrylate- I 


as 1, but with cor^comjtar^t use of 
cros slinki ng agents 

as I 

\m 

as ior U 

^^^^ — — — 

n-butyl aoryiate, atnyl acryfata, 
methyl acryiate, buta-lS-dieoe, 
isopmne; athylhexyl acrylate 

: 
I 

asi or !i 

! as f or 111, but with concomitant use 
i of monomers having reactrve 
groups, as descnbed herein 

iv 

serene, acryipnItnSe, metbyS 
rnethaoryfate, or a mixture of these 

first ens/efope made of monomers 
as described under i and II for the. | 
core, second envelope as 
descnbed under ! or f V fo r the 
enveSope 


These graft poiymers - m partieular A8S poiymars and/or ASA polymers, are preferably 
used amounts of up to 40% by weight for the impact-mod^^^^^^ PBT, 
appropnate in a mixture with up to 40% by weight of polyethylene terephthalate, Biend 
15 products of this type are obtainable with the trademark Uitradur®S (previoysiy 
Ultmblend®S from BASF AG), 

Ir^stead of graft polymers whose sfrueture has mora than one shell, jt1s also possible to 
use homoQeneous, Le. single-shell/efestomers made from 1,3-butadie^^ ?soprene and 
20 n-butyl aorylate or from copolymers of thasa These products, too, may be prepared by 
Gonoomitant use of crossiinklng monomers or of monomers having reactive graups< 

Examples of preferred emulsion poSymers are n-butyf acryiate-(meth)aGryilc add 
copolymers, n-butyf acrylate-glycidyl acrylate or n-butyr acrytate-glyoidyl methaGrySate 
2S copolymers, graft polymers with an inner core rpade from n^butyl acrylate or based on 
butadiene and vviith an outer envelope made from the abovemer^tioned copolymers, 
and oopolymers of ethylene with comonomers which supply rjeaetlve groups. 
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The elastomers described may also be jsmpar^d by other conventto^^ processes, e.g. 
by suspension polymerizatjoR 

Preference js aiso given to syicone rubbers, as dascnbed in DE-^A 37 26 576^ EP-A 
5 235 690, DE-A 38 QO 603 and EP-A 319 290. 

is, of course, asso possible to use mixtures of the types of rubber listed above. 

Fibrous or partioiiiate fillers C) wtiich may be mentbnad are Garbon fibers, glass fillers, 
10 glass beadsvamorphous siS^ca, asbestos, cafdum silicate, oaldum matasilicate, 
magnesium carboriate, kaolin, chalk, powdered quartz, mfca, barfum suf fate and 
feldspar, used in amounts of up to 50% by weight, in parlfeular up to 40% by weight. 

Preferred fibrous fliiers which may be mentioned are carbon fibers, aramid fibers ancJ 
15 potassium titanate fibers, and particular prefefence Is given to glass fibers In the fdrm 
of £ gSass. The^se may b© used as rovings orJn the comnierciaily avaifabte forms of 
chopped glass. 

Mixtures of g^ass fibers D) with oomponent B) in a ratio of from 1 ; 100 to 1 : 2, and 
20 preferably from 1 : 1Q to 1 : 3, are particuS^krty preferred. 

The fibrous fisiers may have bean surfaGe-pretreated wfth a silane compoiind to 
improve compatibility w^th the thermopfastic, 

25 Soitabie si^ane compounds have the formula: 
where: 

o 

30 

n is a whote number from 2 to 10, preferably 3 to 4, 
m is a whole number from 1 to 5, preferably 1 to 2. and 
k is a whote number frorrs 1 to 3, preferably 1 . 

35 

Prsfarrsd sllane compounds are aminopropyitrimethoxysilaoe, 

amihobutyl|nmethoxysilah aminopropyitriethdxysifane and arnlnobutyttdethoxysliane, 
and a^so the oorresponding siianesAvhiOh contain a gfyddyi group as substituent X 
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The amounts of the silane compounds generafiy used for surface-coating are from 0,05 
to 5% by waight, pmfembly from 0.5 to 1,S% by weight and Jn parttoular from 0.8 to 1% 
by weight (based on C). 

5 Acjcufar rnSneraf f lifers are aiso suitable. 

For the purposes of the invention, adcuiar minera! filSers are mineral flOers with stroiigly 
devetopad aclcular charaetan An example is adcuSar wo|laston|te. The mineral 
preferably ha§ an UD (length to diameter) ratio of from S;1 to 36:1, pmferabfy from 8:1 
10 to 1 1:1 , The minarsrfiiler may, if desired, have been pretreated with the 
abovementioned $^!ane conipounds, but the preireatment not assentlal. 

Other fillers which rnay be mentioned are kaoiln, cafdned kaolin, \¥6llasldnite> talo and 
chalk. 

IS 

As oompQnent C), the thermopiastic moidiog composftions of the Jn\/ention may 
oompdse the usual processing aids, such as stablH2:ers,: oxyation retarders, agents to 
counteract decom position due to heat and deoompos ition due to ultraviolet light, 
lybricants and mold-refease agents, coidrants, such as dyes and pigments, HMcfeating 
20 agents, plasticizerB; etc. 

Examples which niay be mantioned of oxidation retarders and heat stabilizers are 

stencaOy hindered phenols and/or phosphites, hydroqt^^ndnes, aromatic secondary 
amines, such as diphenyl amines, vanous substitoted members of these groups, and 
25 mMures of these ^n concantratjons of up to 1 % by weight, based on the weight of the 
thermoplastic mqidlng composrtions, 

UV stabilizers which may be mentioned, and are generally used in amounts of up to 
2% by weight, based on the moiding composition, are various substituted resordnols, 
30 saiicylates, foehzotfia^oles, and benzcphenones. 

Coferants which may be added are inorganic pigments, such as titanium dioxidei 
uitranianne blue, iron oxide, and carbon biack, and also organic pigrnents. such as 
phthatocy ananas, qumacridones and perylenes, and also dyes; such as nigrqsine and 
35 anthraqujnones. 

Nucleating agents which may be used are sodiurn phenyiphosphinate, aiumjna, sifjca, 
and preferably talc, 

40 diher lubncants and mold-release agents are usuafly used jn amounts of up to 1 % by 
weight Preference Is given to long-chain fatty aads Ce>g. staadc add or b^henic acid), 

sa^ts of these (e.g. calcium stearate or zinc stearate) or montan waxes (mixtures of 
straight-chain saturated carboxySfc acids having chain Jengths of from 28 to 32 carbon 
atoms), or caicium montanate or sodium montanate, or iow^rn<^tecular''Weight 
4S poiyethyierie waxe^ or lo\K^nioleculaf-we?ght poiyprop^ 
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Examples of pfastidzers which may be mentioned ara diootyl phthaiates, d^banzyS 
pbthaSates, butyl benzyl phthalates, hydrocarbon oils and N*(n-b^u^ 
sulfonamide. 

5 The irTvent^ve molding compositions may aiso comprise from 0 to S% by weight of 
Huorine-cootainlng etbyiene polymars; These are polymers of ethylene with a fiuonne 
content of iTom 55 to 76% by weight, praferabiy from 70 to ?i% by weight 

Example^s of these are polytetrafluoroethytene {PTFE), felrafSuoro^thytene- 
10 haxafiuoropropyiene copolymers and tetrafluoroethylene copoiymers with relatively 
smal! proportbns (genera^iy up to 50% by weight) of copolymerizable et^^ 
unsatura|©d moriDrners/The^e^^^a^^ by SchSldkhacht In "Vinyl 

and Related Pqiymers", Wiley A%r!ag^^ in 
*'Fiyordpolymers-' ^WHey Intersdence, 1972). 

15 

These fluorine-oontammg ethylene polymers have homogeneous distribution In th^^ 
molding compositions and preferably have a particle size dso (numehc median) in the 
rar^e frpm 0 05 to 10 urn. In partioular froni 0.1 to 5 ixm. THese smaU partfde sizes 
may particularly prefarabfy be achieved by the use of aqueous dispersions of fluorine- 
20 containing ethylene polymens and the IncorporatSon of these into a polyester me^t. 

The inverrtivB thermdplaMc moiding composiitons rn ay be prepared by methods known 
per se, by mixing the startmg components In con ventiona! mixing apparatus/ such as 
screw extruders, Brabender mixers or Banbury mixers, and then extruding them. The 
25 extrudate may be cooled and comminuted. It is also possible to premix individual 
corr^ponents and then to add the rariiaining starting niateriaSs indiVldual!^^^ 
likewise in a rnjxture> The mixing temperatures are generally from 230 to 29G^C. 

In another preferred method of operation, compohents 8) and; if approphate, G) may 
30 be mixed w^th a poiyester prepolymer, Gompoiinded, and pelletfeed. The resultant 

p^ilets are then soiid-^hase-odndense continuously or batchwise, under an inert gas, 
at a temperature beiow the meStSng point of compphent A) until the desired Viscosity 
has been reached. 

35 The inventive Ihermopiastic moSding compositions feature good flowability together vyith 
good rr^achan^cal properties. 

In particular, the processing of the Individual CDmponefits (wit^^ or caking) 

is probSem^free and possible ^itNn short cyde times, so that a particutar application 
40 that can be considered is thin-wafted components;. 

These are su^tabie for the production of fibers, fiims, and moldings of any type, in 
particular for applications as taiigates, switches, housing parts, housing covers, 
headlarnp background (bezei), shower head: fittings, smo^^^^^ rotary switches. 
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stove controls, fryer lids, door handies, (rear) mirror housings, (tailgate) screen wipers, 
sheathjng for optscai conciuctors. 

Examptes 

5 

Polybytylene terephthaiate wSth a viscosity number VN of 1 30 mf/g arid carfeoxy end 
group contant of 34 mval/kg CUItradur® B 4520 from BASF AGHVN measurad sn O.S% 
10 strength by weight soiut?on in phenoi/a-dichtorobenzene), 1:1 mixture) Bt 2B^C, 

comprising 0.65% fey weight of pentaerythnty! tatrastearate (compor^ent CI, based on 
100% fey weight of A) 

Component A*2: 

Polysthylene farapJit^iaiate PET with a VN of 74,5 ml/g. 
Component A/3: 
20 Polytrlm^^thylane tarepfithaiate with a VN of 106 ml/g. 
Component 

Polycarbonate based on bjsphenol A and dipher^yl carbGnete wJth a VN of 59 ml/g. 

m 

Compohettt AJB: 

PBT withVH 130 ml/g, but without oompdnant CI 
30 Gornponenta B: 


j 1 Monomers 


Mw 

OH number 
img KOH/g) 

Acid number | 
(rngKOH/g) 1 

[ S/1 I Ad?pic aa^ and giyoerol 

1900 

6910 

416 


8/2 Adpid amd and g^cefoi 

^ B/3 1 Adipic acid arid giyceroS 

\ ' — - 

4370 \ 

'18220 

248 


1 8/4 1 Dimethyl teraphthalate and 

glycerol 

4Q0 

1140 

273 


1 B/5 Adipic add and TSVIF 

2450 

12260 

213 

83 i 

1 B/6 i Adipic acid and TMP 

2470 

125?0 

216 |1Q6 1 


TMP: 1,1,1-Tds{hydfOxymethyQp^r^ 
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Preparation of B/1: 

1646 g ^11.27 mo!) of adipic add and 868 g {9,43 moS) of glycerol formed an Snitfaj 
charge m a 5 I glass flask which Had been equipped \¥ith stirrer, intema^^ thermometer, 
S §as Inlet tube, mflmc condenser, and \^ouum conn^dilon: w|th cold trap. 2.5 g of dim- 
butyltin oxide commerdaily availabte as Fasoa® 4201 were added, and the mixture 
was heated with the aid- of an off bath to an intamaS' tamperatufe of 1 40 X. A raduced 
pressure of 250 mbar was appHed In order to remove water formed during the reaction. 
The reaction mixtufB was tept for 4 hours at the stated temperature and the stated 

10 pressure, and then the pressure was lowered to 1 00 mbar and the mixture was kept for 
afurther 6 hdurB at 140^0. After 8 S^^^^ 3S3 g (4;i6 rnof) of gij^carol were added. 
The pressure was then lovvemd to mbar, and the mixture was kept for a further 5 
hours at 140^C, It was then qooSed to room temperature. This gave 2409 s of 
hSfperbranohed polyester 'm the form of a otear. visoous Jjqiiid. The analytical data are 

15 given ih Table 1. 

Preparation of B/2: 

2016 8 (13,81 ?TsoO of adipio aoid and 1059 g (11,51 mol) of gSyoaroi formed ^n initial 
20 charge in a S I glass fiask which had been equipped with stirrer, Intemai thermometer, 
gas in^et tube, reflux condenser, and vacuum conhaotiofi with cdid trap. 3.04 g of ds-n- 
butylt^n oxida commercfaHy availabte as Fascat® 4201 were added, and the mi^ure 
was heated with the aid of an oi\ bath to an mterna] temperature of 125'' A reduced 
pressure of 100 mbar was appyed in order to remove water formed during the reaotson, 
25 The reaction mixture vvas kept for 1 1 hours at the stated temperature ahd the stated 
pressure. It was then cooled to room tehiperaturev This gave 2645 g of bypart^mnclied 
polyester in tfia form of a dear, viscous liquid. Tha anaiyttoal data are given Table 1 . 

Preparation of 8/3: 

30 

2016 g (13.81 mol) of adip^o acid and 1059 g (11-51 mol) of glycerol formed an Initial 
charge In a 5 1 glass flask which had beeri equipped with stirrer, internaS thermorneter, 
gas inlet tube, reflux condenser, and vacuum cohnectioo witti cold trap. 3,04 g; of di-n- 
butyitln oxide commesxiaiiy avaifable as Fiscal® 4201 were added, and the mixture 
35 was heated with the aid of an oil bath to an internal temperatum of i SO^'C, A reduced 
pressure of 1G0 mbar was applied in order to r&mmB water formed during the reaction. 
The reaction mixtujo was kept for 9.5 hours at the stated temperature and the stated 
pressure. It was then cooled to room temperature. This gave 2511 g of hyperbranched 
polyesta^r in the form of a dear, viscous liquid, Tl^e anaSytioaf data are given In Table 1 , 

40 
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P reparation of S/4: 

158S g (8 1 9 mol) of dimethy! terephthaiate and 628 g (6.83 moi) of giycarol fbrmed 
mmial charge in a 5 J glass f iask wh^oh had been equipped v^ith stirrer, iMemal 
S thermometer, gas Mbx tube, reflux cqndanser. arii vacuurn connection vvith cold trap. 
4 4 g of d^-n-butyitin oxfcle comme^^ available as Fascat® 4201 were added, and 
th© mixture was heated with the aid of an oil bath to an Intemartemperatura of 140''C. 
A raduced pressure of SO mbar was applied m order to remove water fomied dunng the 
reaction. The raactbn mjxture^^w^^ kept for 34 hours at the stated temperature and the 
10 stated pressure, ft was ther^ ODoled to room temperature. This gave , . . . g of 

h>^perbrancNed polyester in the form of a clear, viscous liquid. The analytical data are 
given m Table 1 . 

Preparation of B/S: 

15 

2000 g (13 70 mol) of ad^p^G acid and 1530 g (11 42 mol) of lvl .14ns{hydroxymethyl)- 
propane (TMP) formed an Snitia] charge in a 5 I glass flask whsch had been equipped 
with stiiter, Ihtamai therrnornater, gas iniet tube, refiux condehser, and vacuum 
connection V5i^th caf<j trap, 3:53 g of di-n-butyltini o;xi<ie cornmerciafiy avaHabfe as 

20 Fascat® 4201 were adde€f> and the mixture was heated with the aid of an oil bath to an 
interna! temperature of 136''C . A reducadi pressure of SQQ m bar was applied in order to 
remove water fbrmed during the reaction. The reactbn mixture was kept for 3.5 Hours 
at the stated tempsratMre and the stated pressure, and than the pressure was lowered 
to 300 rnbar and the mixture was kept for a furthar 5.5 hours at 140''C. It was then 

g5 cooled to room temperature. This gave 3Q93 g of hyperbranched poi^^aster m the form 
c^f a oiear, viecous Jlqyid, The analytfeai data are given In Tabie 1. 

P*reparation of B/6: 

30 2000 g (1 3.70 moO ^ adipfc add and 1 530 g (11 .42 mol} of TMP formed an initial 

charge in a S 1 g^ass fiask whrch had been e<|uipped with stirrer/lnternal therrnonieter, 
gas ihlat tube, reflux cdhdehsaf, and vacuum connection with cdfd trap. 3,53 g of di-n- 
butyltin oxJde cqmrneraaliy avai!abfe as Fasoat® 4201 were added, and the mlxiunB 
was heated the aid of an of! bath to an Jnternal temperature of 135^C, A reduced 

3S pressure of 500 mbar was appiied in order to remove water formed during the reacibn> 
The reaction mixture was kept for 4 hours at the stated temperature and the stated 
pressure, and then the pressure was lowerBd to 200 mbar and the mixture was kept for 
a further 5 hours at 140'^C, It was then coGled to room teniparature. This gave 3100 g 
of h^perbranched polyester Iri the form: of a clear, viscous liquid. The analyiteaf data 

40 are given Tabie 1 , 
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Component 8/1 c (for comparisan) 

HypBrfemnGhBd polyester composed of dimethylolpropionic acid acpordSng to 
W0 97/4S4T4with: 

5. 

Mn 1600 
Mw 2100 
Tg 40 
COOH: 6,1 ms KOH/g OH: 488 mg KOH/g 
10 {Boftqm® H30 from Persto>^ AB , Swaden) 

Component C/2: 

Chopped gJa^s fibers with an avemgelniokness of 10 pm 

IS; 

PreparatSpn of moiding cornpositions 

Components A} to C) wem blended in a twin-scr^w e>^^ 2Sd to 260''C arrd 

axtrUde<3 Into a Water bath. After peifettizSng and drying;: test specimens w^ri Injection 
2D mpf ded and te sted . 

MVR was determrned to ISO 1 133, modusus of aiastfclty to rSO 527-2, Charpyirhpaot 
strength to ISO 17S-2/1eU, and VN to DIN 53723 or SSO 1628. 

25 The inventive compositidris arid the resulte of the measurements are found i n the 
tabies. 


table 1 


j Components 
1 r% by weight] 


2 |3 

4 

5 

e i 

{A/1 

m 

i 
j 
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■ ! 

|'A/¥""""" """" 








..^^ 
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; 
I 
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; 

3 



i 


95 

! 
! 

1 B/5: 

— 

5 



6 


^ : . 



j: 

1. -^-^ i 


|3D 1 
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VN 

117 

117.5 

66 4 

102.8 

6G.3 

118 1 

MVR 

171 


>250 

225 

160 

53.7 1 

Plow spiraf 
260/80"C- 
2 mm (mm) 

48 

48 

33 

59 

21 

m 1 
1 


Tab§e2 





m 



:8/4 

i 1,00 

j4,Q0 i 


rMVR'""""" " |97~4 J>250 " 
-2 mm (mm) | j 


Mechanical propeiites 

Stress at max.: (N/mm) 

57,S 

51 65 

Tensile etrain at yield (%) 

3.7 

'2;r~ 

^oduJiis of slasttditvjf: (N/mm) 

2549 

2721 

Impai^ strength -^ notched 
(kJ/m^) 

TW 

1.3 


T^ bte 3 




9 


11 


100 

99 

98 

97 



1 

2 

3 


; Analysis 







122 

12-1 ' 

114 


20.8 

'2fl 

32.8 

45.8 


i propeities 





Stress St brssk 

56.2 

56.2 

^53.7 

66,2 

Tensile strain at 
yieia m 


3>6 

4.1 

3.6 


31 


S 


yodulus of elasticity 
(N/mm") 

2488 

2533 

2377 

2297 

Notched ifnpact 

4,3 

4.3 

3.5 

4.3 

Flow spiral 
280/60^0 2 mm 
(cm) 



'it. 6 

:::47.,1 

'MVRat27S^'2,16kg 
Table 4 
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13 i 

14 



117 [ic 1 

A/1 ^ 

99 

07 


99 

97 

|95 iiOP 1 

B/2 f 

1 

3 1 

5 








1 

13 
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115 

' 115 



113 

115 jits 

1 „ 

\Jm jits i 


Mechshlcsi 
properties 








Stress at 

max.: 
(N/mm) 



52.9 


S4,5 

52.B 

§6.2 

Tensile 
strain at 
yield (%) 

23,.S 

3.8 

4 

3.6 , 




Moduliis of 

elasticitv^ 

(N/fnm) 

^3402 

2354 

2304 

2469 

1410 

232F 

24S8 

Impact 

strength 

(kJ/m^) 

88 


124 

144 

173 

173 

188 

Notched 
impact 
strength 
CKJ/m5 

5 


6/1 

-J 

5-6 

5.9 



6.1 

1 

4,3 
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Flow j 42 

45 \m \42 

43 

45 

35 






260/80"C 1 





~2mm 1 











Tables 


Components (% weight) 

1c 


3e 

m 

99 

97 

95 

S/1c 




VH 

12S.6 

lias """"" 

l20,T 

IVIVR 

64.2 ] 

110 


DSC 




GPG 





i IVIechanscal properties 

i Stress at max.: (N/mm) 




Tensile strain St break/yield (%) 




yodulas of eiasticity {N/mm) 




Impaol strength (kJ/m^) 

1 56 

118 


impiS strength - notched (k j/m^) 

2;5 

2.2 


Flow spiral 260/80*0 -2 mm (mm) 

43 

43.5 

46.2 
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1 , Thermoplastische Formmassen enthaitend 

5 A) 1 0 9i, S9 Gew - % mindestaos elhes tJiermopiastisch^n Pdlyesiers 

8) 0-Q1 - 50 Gew.-% eines hoch- odar hyperverzwelgten; PolyBStar's des Typs 
A^By mit X rnindastans 1 ,1 und y mindestens 2,1 

10 C) Q— 60 Gew>% weiterer ZusafesJoffe, 

wobat die Summe der G#\^ehtspfozente der Kom^ A) bis C) 100 % ^r- 

15 2> Thermoplastjsche Formrnassan nach Anspruch 1, in denen die Komponente S) 
ain Za hteoniittel das Mol^kujargewiphts bi^ 30000 g/mo^ aufwa^ist 

3. Therm op^astistha Formmassen nach den Ansprucii^n 1 Oder 2, m dmnen 6m 
Komponente B) eine GiasubergangstemperaturTg von -50'' C bis 140''C alifwel^t. 

2Q 

4. Thermopfastfeche FDrmmassen n Anspruohen 1 bis 3, In denen die 
KomponentB 8} eine OH-Eahi (gemafi DIN 53240) von 0 bfs 600 KQH/g Po- 
iyestar aufwaist, 

25 5, Therm opiastjscha Formmassen nach den AnsprOchan 1 bis 4, In denen die 

Kornponente B) esn^ COOH-Zahl (gem^S DIN S3240) von 0 bis 600 mg KOH/g 
Polyester aufweist, 

6. Thermoplastischa Formmassen nach den AnsprOchen 1 bis 5, in denen die 
30 Komponente 8) wa^iigstens eine QH-Zahi oder eine GGOH-z^^ 0 apf- 

weist, 

7. Thermoplsstisohe Formmassen nadh den An^psliohan 1 bis 6, m denan die 
KDmponedte B) erhaitiidh ist. indam man 

35 

(a) eine Oder mehrere DfcarbGnsBuren Oder eines Oder mehrera Derivate der- 
selfaen m^t einem Oder mehreran mindestens Irifunklione Alkoholan 

Oder 


(b) aln^ Oder melirer^ Tricarbonsliuren oder hoh^m PoiyoarbonMuren oder 
etnas oder mahrere DeHvate ders^iben mil einem od^r meshr^ren Diofen 


37 


gegebenenfalls in Gegenwart ajnes Losemlttels und optionai in Gegenwart ernes 
sauren anoi^anischan, nietal^ Oder organiseh^n Katalysators oder 

eines Enzyms umsetzt. 

S 

8. Thermopjastische Formmassan nach den Anspruchen 1 bis 7, In denen dia 
I Komponente 8) gemaB Anspmch i7 erhaltl^ch ist, wobe^ man in Vanante (a) ei- 

nen mindestens trIfunktioneH Aiikohoreinsetzt der Hydroxy ^gfuppen von min- 
destens EWei chamisch unterschladfichen ReaS<;tiv^taten aufwa 

10 

I §, TherfTiopiastJSche Farmmassen nach den Ansprucllen 1 bis §2, in deners die 

l^oniponente 8) gemilS Anspmcii 7 erhiitlfch ist, wobei mars in Vanante (a) emen 
mlndesten^ trifonktionellen Alkohol eif^setzt, dar Hydn>xyfgruppen von laweilia 
chemlscb gfejcher Reaktivitat aufW^iet 

15 

1Q, Thermoplaslische Formmassen nach den Anspruchen 1 bis 7, wobelrnan m Va- 
name (b) gemaS Anspruch 7 eSnen mindestens tdfunktroneifen Afko^iol einsafe^ 
der Hydroxy Igruppen von jaweite chemiSGh gfelcher Reaktivltat aufweist, 

20 11. Themiqplastlsche Formmassen nach dan Anspruchen 1 bis 7\ in d^nen die Kom- 
ponante 8) gamaSa Varianie (b) gemaB AnsprucH 7 erhaStffch 1st hdem man 
mmdastens eine Tricarbonsaure qder PofycarbDnsau einsetzt, die Garb- 
oxySgruppen von mmdestans zwei Mntersch^ediichen ReaktivMtan aufweist- 

25 13. Varv^ndyng der thermoplastischen Formmassen gem§& den Anspruchen 1 bte 
11 zyr Ha;^te1lung von Fasem: Foiien und Forrnk5rpem jegHoher Art^ 


13. 


Fasem:, FoHen und Formkorpar jeQilcher Art arhaltlich aus den thermopfestiSGhen 
Foinrr^rnas^en gemiS den Anspruchen 1 bm 11. 


PF smiB 
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1 . A thermoplastic molding eompositrori oomprrsing 

5 A) from 1 0 to 99.98% by v^ajght of at feast one ihermopiastic polyester 

B) from 0,01 to 50% by weight of a highly branched or hyperbranched poiyes^ 
ter <^ AyS^ type where x is at least 1.1 and y is at least s. 1 

1Q C) from 0 to 60% by weight of other additive^, 

where the tola! of the percentages by weight of components A) to 0) is 100%. 

2. The therrridpSastic molding composition according to claim 1, in which component 
15 B| has a number-average moiar mass of from 300 to 30 GOO g/moL 

3. The thernioplastic molding eomposJtSon according to c^aim 1 or 2, in whi oh com- 
ponent B) has a glass transition temperature of f rom -SO'^G to 140''G, 

20 4, The thermpplastJc moldtog Gompositlon according to claims 1 to 3, m which com- 
ponent S) has an OH number (to DIM 53240) of from 0 to 600 mg KOH/g of poly- 
ester. 

The thermoptestfc molding composition according to dalms 1 to 4, in which co?t^- 
25 ponent B) has a GOOH number (fo DIN S3240) of from 0 to 600 mg KOH/g of po- 

The thermoplastic molding composition acG^ to claims 1 to 5, [n which com- 
ponent 8} at least has an OH number or a COOH number greater than 0. 

30 

7. Tha thermppsastic molding composition as ciaimed in claims 1 to 6, in which 
compon ent 8} is obtama^le bjf reacti ng 

(a) one or more dlcarbpxySIc acids or orie or more denv^tiyes of the same With 
56 osie or more at feast trihydflc alcohpis 

or 


40 


(b) on^ Of more tricarboxylfc adds or higher polycarboxyliQ adcis or one or mo- 
ra denvatives of the same with one or more diols 
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If appropriate in the presence of a solvent and optionaily in the pmsence of an a- 
cW^c jnorganfo, organometaliiD, or oi^anjc cataiyst, or of an enzyme. 

The thermopiastjc moldmg c^^ as claimed Jn oiaims 1 to 7, in which 

C0m|:>oni^nt B) oblalnable accot^m to claim 7, wh^r^v ^n variant (a): u$^e is 
made of an at ieast trihydric aloohoi wliieh has hydroxyl groups having at fea^t 
two ciifferent chemical reactivltfes. 

The thermoplastic rrio^ding cDmpositi to claims 1 to 7, in whiqh com- 

ponent 8) is obtainabSe accqrdihg to ciaim 7, where, in variant |a), use is made of 
an at le^st trihydiic alcohol vvhieh has hydroxy groups which all have identioai 
cfi^mical reactivity. 

The thermopfastic moldmg Gornposition accord to clafms 1 to 7, where variant 
(b) according to claim 7 uses an at least trihydoc aicohoi which has hydroxy 
groups alS of which have identical charnjcal reactiviy. 

The tharmopiastic molding cdrnpbsition according to claims 1 to 7, in which com- 
ponent B) Is obtainabie acccrding to variant (b) according to claim 7, by usiiig at 
teast one trfearboxyfic acid or polyoarboxyl^ add which has carboxy groups ha- 
ving at feast two different reactivittes. 

The U3e of the thermoplastic rnofding oornpos^ltons according to claims I to 11 
for producmg fibers, fiirns, or moldings of any type. 

A fiber, a filrn, or a molding of any type obtamabia frorti the therrnoplastic rnbldihg 
coniposrtlons accordmg to claims 1 to 11. 


